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Abstract 
Purpose 

To provide a display device that can alleviate the degradation of picture quality caused by 
motion blurring of moving pictures without impairing the brightness of the picture. 

Constitution 

Frame converter (1) doubles the frame frequency of a picture signal SI and outputs the 
obtained signal as double frame signal S2. Movement detection/frame index pulse output circuit 
(2) detects the movement of picture signal SI and outputs the obtained signal as a movement 
detection signal. LPF/HPF (3) extracts the low-frequency components and the high-frequency 
components of double frame signal S2, respectively. Gain adjustment circuit (5) operates as 
follows: the gain of at least one of two consecutive frames of the high-frequency components of 
double frame signal S2 is adjusted corresponding to the movement detection signal, so that of 
said two frames, the gain of said frame is different from that of the other frame. 




Key: 1 Frame converter 

2 Movement detection/frame index pulse output circuit 

6 Mixer 

7 Driver 

8 Liquid-crystal panel 



Claims 

1 . A display device that is used for displaying an input picture signal on the display 
portion, characterized by the fact that it comprises the following parts: 

a frame converter that doubles the frame frequency of said input picture signal and 
outputs the obtained signal as a double frame signal, 

a movement detector that detects the movement of said input picture signal and outputs a 
movement detection signal, 
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an extraction means that extracts the low-frequency components and the high-frequency 
components of said double frame signal, 

and a gain adjustment circuit that operates as follows: the gain of at least one of two 
consecutive frames of the high-frequency components of said double frame signal output from 
said extraction means is adjusted corresponding to said movement detection signal, so that of 
said two frames, the gain of said frame is different from that of the other frame. 

2. A display device that is used for displaying an input picture signal on the display 
portion, characterized by the fact that it has the following parts: 

a frame converter that doubles the frame frequency of said input picture signal and 
outputs the obtained signal as a double frame signal, 

a movement compensation interpolation circuit that uses the signal corresponding to 
adjacent two signals of said input picture signal in said double frame signal to generate a 
movement compensation interpolation signal, 

a selection means that alternately selects said double frame signal and said movement 
compensation interpolation signal, 

and a switching means that switches the electrical polarity during the 2-frame period in 
said double frame signal and a frame period longer than said period when the signal selected by 
said selecting means is displayed on said display portion. 

Detailed explanation of the invention 
[0001] 

Technical field of the invention 

The present invention pertains to a display device having hold-type electro-optical 
conversion characteristics, such as a TFT (thin film transistor) liquid-crystal display device. 

[0002] 
Prior art 

The TFT liquid crystal display device can hold the brightness of the image being 
displayed almost constant during each frame period of the picture signal. This type of display 
device is called a hold-type display device. In the hold-type display device, degradation of the 
image quality caused by motion blurring in the display of moving pictures is a problem. 

[0003] 

As a means to solve the aforementioned problem, Japanese Kokai Patent Application No. 
Hei 9[1997]-325715 discloses a scheme in which a light shutter mechanism is added to the 
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liquid-crystal panel, the duration of the display light is limited so that the characteristics are 
made similar to those of the cathode ray tube or other impulse type display device. 

[0004] 

Problems to be solved by the invention 

However, the aforementioned light shutter mechanism of the invention described in 
Japanese Kokai Patent Application No. Hei 9[1997]-325715 makes the device large and 
complicated, so that the brightness of the image is degraded, which is undesirable. 

[0005] 

The purpose of the present invention is to solve the aforementioned problems of the prior 
art by providing a display device characterized by the fact that it is possible to alleviate the 
degradation in picture quality caused by motion blurring of moving pictures without impairing 
the brightness of the picture and with a simple structure. 

[0006] 

Means to solve the problems 

In order to solve the aforementioned problems of said prior art, the present invention 
provides (a) a display device for displaying an input picture signal on display portion (8), 
characterized by the fact that it comprises the following parts: frame converter (1) that doubles 
the frame frequency of said input picture signal and outputs the obtained signal as the double 
frame signal, (2) movement detector that detects the movement of said input picture signal and 
outputs a movement detection signal, (3) an extraction means that extracts the low-frequency 
components and high-frequency components of said double frame signal, and gain adjustment 
circuit (5) that operates as follows: the gain of at least one of two consecutive frames of the high- 
frequency components of said double frame signal output from said extraction means is adjusted 
corresponding to said movement detection signal, so that the gain of said one frame of said two 
frames is different from that of the other frame. Also, the present invention provides (b) a display 
device for displaying an input picture signal on display portion (18) characterized by the fact that 
it comprises the following parts: frame converter (11) that doubles the frame frequency of said 
input picture signal and outputs the obtained signal as the double frame signal, movement 
compensation interpolation circuit (12) that uses the signal corresponding to two adjacent signals 
of said input picture signal in said double frame signal to generate a movement compensation 
interpolation signal, selection means (12) [sic] that alternately selects said double frame signal 
and said movement compensation interpolation signal, and switching means (17) that switches 
the electrical polarity during the 2-frame period in said double frame signal and a frame period 
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longer than said period when the signal selected by said selecting means is displayed on said 
display portion. 

[0007] 

Embodiment of the invention 

In the following, an explanation will be given regarding the display device of the present 
invention with reference to the attached figures. Figure 1 is a block diagram illustrating 
Application Example 1 of the display device of the present invention. Figure 2 is a waveform 
diagram illustrating the operation of Application Example 1 . Figure 3 is a block diagram 
illustrating Application Example 2 of the display device of the present invention. Figure 4 is a 
waveform diagram illustrating the operation of Application Example 2. 

[0008] 

A pplication Example 1 

In Figure 1 , picture signal S 1 displayed on liquid-crystal panel (8) is input to frame 
converter (1), and double frequency frame signal S2 (hereinafter referred to as double-frame 
signal S2) is generated. As an example, picture signal S 1 may be an RGB signal for non- 
interlaced scanning. For example, if picture signal S is 60 Hz, this signal will be 120 Hz. In 
driver (7), to be explained below, liquid-crystal panel (8) is driven at twice the frame frequency 
of picture signal SI input to frame converter (1). Said double frame signal S2 output from frame 
converter (1) has the form of two consecutive frames of the image data of picture signal SI. 

[0009] 

Picture signal SI is also input to movement detection/frame index pulse output circuit (2). 
Said movement detection/frame index pulse output circuit (2) detects movement in picture signal 
SI, and the movement detection signal is sent to gain adjustment circuit (5). Synchronizing 
signal S sync of picture signal SI is input to frame converter (1), movement detection/frame index 
pulse output circuit (2), gain adjustment circuit (5), and output line (7). Figure 2(A) shows the 
vertical synchronizing signal as one of synchronizing signal S sync . Figure 2(B) shows the state in 
which the position indicated by the broken line is driven to move to the position indicated by the 
solid line as an example of picture signal SI . Figure 2(C) shows the vertical synchronizing signal 
that drives liquid-crystal panel (8), and Figure 2(D) shows double frame signal S2. 

[0010] 

In addition to the generation of the movement detection signal, movement 
detection/frame index pulse output circuit (2) also generates a frame index pulse that is high/low 
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inverted between high/low for each frame of the vertical synchronizing signal (that is, the 
vertical synchronizing signal at a frequency twice that of the vertical synchronizing signal shown 
in Figure 2(A)) shown in Figure 2(C), and it sends the generated frame index pulse to gain 
adjustment circuit (5). 



[0011] 

Double frame signal S2 is input to LPF/HPF (3). Said LPF/HPF (3) has the function of 
extracting the low-frequency components of double frame signal S2, and the function of 
extracting the high-frequency components of double frame signal S2. Low- frequency 
components S2L of double frame signal S2 output from LPF/HPF (3) are input to delay circuit 

(4) , and high-frequency components S2H of double frame signal S2 are input to gain adjustment 
circuit (5). Said low-frequency components S2L are delayed by delay circuit (4) by the amount 
of time required for processing by gain adjustment circuit (5), and the delayed signal is sent to 
mixer (6). Figure 2(E) shows low- frequency component S2L sent to mixer (6). 

[0012] 

Said gain adjustment circuit (5) adjusts the gain of high-frequency components S2H of 
double frame signal S2 corresponding to the input movement detection signal and the frame 
index pulse. For example, gain adjustment circuit (5) adjusts the gain of one of two consecutive 
frames corresponding to the movement detection signal. That is, for one frame, a gain of one is 
output as is, while the gain of the other frame is attenuated corresponding to the level of the 
movement detection signal. For said other frame, if the amount of movement is large, the gain is 
set nearer to one, and if it is small, the gain is set nearer to zero. Figure 2(F) is a diagram 
illustrating an example of high-frequency component S2H output from gain adjustment circuit 

(5) . 



[0013] 

Said mixer (6) mixes low- frequency component S2L from delay circuit (4) and high- 
frequency component S2H from gain adjustment circuit (5), and sends the obtained signal to 
driver (7). Figure 2(G) shows the output of mixer (6). Based of the vertical synchronizing signal 
shown in Figure 2(A), driver (7) generates the vertical synchronizing signal shown in Figure 
2(C), and it drives liquid-crystal panel (8). As explained above, it is possible to alleviate the 
degradation in picture quality caused by movement of the moving picture without degrading the 
brightness of the picture. 
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[0014] 

As another example, gain adjustment circuit (5) may adjust the gain of both of the two 
consecutive frames. That is, for one frame, the gain is adjusted to one or more corresponding to 
the level of the movement detection signal, and for the other frame, the gain is adjusted to one or 
less corresponding to the level of the movement detection signal. When the gain is one or more, 
the larger the amount of movement, the higher the gain, and the smaller the amount of motion, 
the lower the gain. By means of gain adjustment circuit (5), the gain of one of the two 
consecutive frames will be different from that of the other frame, so that it is possible to alleviate 
the degradation in picture quality caused by movement in the moving picture. 

[0015] 

Also, as the movement detection part of movement detection/frame index pulse output 
circuit (2) shown in Figure 1, the same type as that adopted in the Y/C separating circuit or the 
scanning line converter that converts interlaced scanning to non-interlaced scanning may be 
used. Also, one may use the movement detection signal output from the movement detection 
circuit used in said Y/C separating circuit or scanning line converter. 

[0016] 

A pplication Example 2 

In Application Example 1 , a simpler constitution was emphasized. In Application 
Example 2, emphasis will now be placed on improving the picture quality. As shown in Figure 3, 
picture signal SI displayed on liquid-crystal panel (18) is input to frame converter (1) to obtain 
double frame signal S2 at twice the frame frequency. Said double frame signal S2 is input to 
movement compensation interpolation circuit (12). In Figure 4(A), (a), (b), (c) show the 
consecutive frames of picture signal SI. Because double frame signal S2 has the form in which 
the image data of picture signal SI has 2 consecutive frames, double frame signal S2 becomes 
(a)-(d) in Figure 4(B). 

[0017] 

Said movement compensation interpolation circuit (12) uses double frame signal S2 
corresponding to the signal of the two adjacent frames of picture signal SI, that is, (a) and (c) 
and (c) and (e) in Figure 4(B), to generate movement compensation interpolation signal S2\ Said 
movement compensation interpolation circuit (12) alternately selects double frame signal S2 and 
movement compensation interpolation signal S2*. That is, during the period of two consecutive 
frames in double frame signal S2, when one of two double frame signals S2 (Figure 4(B), (a)) is 
selected, instead of double frame signal S2 3 movement compensation interpolation signal S2' 
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shown in Figure 4(B)(b) is selected. Then, similarly, double frame signal S2 and movement 
compensation interpolation signal S2' are alternately selected. The signal selected in this way is 
called signal S3. 



[0018] 

Signal S3 is sent via driver (17) to liquid-crystal panel (18) for display. In this case, 
switching means (17) switches the electrical polarity of the picture signal during the 2-frame 
period of double frame signal S2, and, at the same time, it switches the polarity during even 
longer periods, and signal S3 is displayed on liquid-crystal panel (18). Here, the longer period is 
selected appropriately. The aforementioned switching of the polarity is used to prevent the 
liquid-crystal element in liquid-crystal panel (18) from freezing up. 



[0019] 

Effect of the invention 

As explained in detail above, the display device of the present invention comprises the 
following parts: a frame converter that doubles the frame frequency of said input picture signal 
and outputs the obtained signal as a double frame signal, a movement detector that detects the 
movement of said input picture signal and outputs a movement detection signal, an extraction 
means that extracts the low-frequency and high-frequency components of said double frame 
signal, and a gain adjustment circuit that operates as follows: the gain of at least one of two 
consecutive frames of the high-frequency components of said double frame signal output from 
said extraction means is adjusted corresponding to said movement detection signal, so that the 
gain of one of said two said frames is different from that of the other frame. As a result, it is 
possible to prevent degradation in image quality caused by motion in the moving picture without 
impairing the brightness of the picture with a simple constitution. 



[0020] 

Also, the display device of the present invention may have the following parts: a frame 
converter that doubles the frame frequency of said input picture signal and outputs the obtained 
signal as the double frame signal, a movement compensation interpolation circuit that uses the 
signal corresponding to two adjacent signals of said input picture signal in said double frame 
signal to generate a movement compensation interpolation signal, a selection means that 
alternately selects said double frame signal and said movement compensation interpolation 
signal, and a switching means that switches the electrical polarity during the 2-frame period in 
said double frame signal and a frame period longer than said period when the signal selected by 
said selection means is displayed on said display portion. As a result, it is possible to prevent 
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freeze-up, and it is possible to prevent deterioration of picture quality caused by movement in the 
moving picture without impairing the brightness of the picture. 



Brief description of the figures 

Figure 1 is a block diagram illustrating Application Example 1 of the present invention. 
Figure 2 is a waveform diagram illustrating the operation of Application Example 1. 
Figure 3 is a block diagram illustrating Application Example 2 of the present invention. 
Figure 4 is a waveform diagram illustrating the operation of Application Example 2. 

Explanation of symbols 

1,11 Frame converters 

2 Movement detection/frame index pulse output circuit (movement detection circuit) 

3 LPF/HPF (extraction means) 

4 Delay circuit 

5 Gain adjustment circuit 

6 Mixer 
7, 17 Drivers 

8,18 Liquid-crystal panels (display part) 

12 Movement compensation interpolation circuit 




Figure 1 

Key: 1 Frame converter 

2 Movement detection/frame index pulse output circuit 

6 Mixer 

7 Driver 

8 Liquid-crystal panel 
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Key: 1 1 Frame converter 

1 2 Movement compensation interpolation circuit 

1 7 Driver 

1 8 Liquid-crystal panel 
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